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(54) PHOTO-DETECTION DEVICE

(57) The present invention relates to a photo-detect-
ing apparatus having a structure which can accurately
detect light by restraining noises from occurring. The pho-
to-detecting apparatus comprises a first substrate having
a surface provided with M x N photodiodes and switches;
a second substrate having a surface provided with signal
processing parts for processing output signals of the pho-
todiodes; and a third substrate arranged between the first
and second substrates. The third substrate has a first
surface opposing the first substrate and a second surface
opposing the second substrate. In the third substrate, M
common wires for connecting the photodiodes to the sig-
nal processing parts are arranged on the first surface,
whereas bonding pads connected to the respective com-
mon wires are arranged on the second surface. The pho-
todiodes on the first substrate are electrically connected
to their corresponding common wires in the third sub-
strate by way of first bumps, whereas the signal process-
ing parts on the second substrate are electrically con-
nected to their corresponding bonding pads in the third
substrate by way of second bumps.
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Description

Technical Field

[0001] The present invention relates to a photo-detect-
ing apparatus comprising a plurality of photodiodes (pho-
todetector devices) arranged one- or two-dimensionally.

Background Art

[0002] A photo-detecting apparatus is an apparatus
comprising a plurality of photodiodes arranged one- or
two-dimensionally, and an integrating circuit including an
amplifier and a capacitor. In this kind of photo-detecting
apparatus, the photodiodes output respective electric
charges corresponding to their incident light intensities.
The capacitor accumulates thus outputted electric charg-
es, whereas the integrating circuit outputs voltages cor-
responding to thus accumulated electric charges. In ac-
cordance with the output voltages of the integrating cir-
cuit, the photo-detecting apparatus detects incident light
at photosensitive regions corresponding to positions
where the photodiodes are arranged.
[0003] Known as an example of this kind of photo-de-
tecting apparatus is one disclosed in Japanese Patent
Application Laid-Open No. 2001-242253 (Document 1).
In the photo-detecting apparatus disclosed in Document
1, one integrating circuit is provided for a plurality of pho-
todiodes, whereas switches are provided between an in-
put terminal of the integrating circuit and the respective
photodiodes. The photodiodes are disposed on a first
substrate, whereas the integrating circuit is disposed on
a second substrate. Respective end parts of the first and
second substrates are electrically connected to each oth-
er by wire bonding.

Disclosure of the Invention

[0004] The inventors have studied conventional optical
communication systems in detail, and as a result, have
found problems as follows. Namely, in the conventional
photo-detecting apparatus disclosed in the above-men-
tioned Document 1, a path for electric charges to migrate
from each photodiode to the input terminal of the inte-
grating circuit is long. That is, this path includes a line
from each photodiode to the end part of the first substrate,
a bonding wire from the end part of the first substrate to
the end part of the second substrate, and a line from the
end part of the second substrate to the input terminal of
the integrating circuit, thus yielding a long total path
length. Therefore, this path exhibits a large parasitic ca-
pacitance. As a consequence, the conventional pho-
to-detecting apparatus incurs a large noise included in
the voltage outputted from the integrating circuit, thus
failing to detect light accurately.
[0005] In order to overcome the above-mentioned
problems, it is an object of the present invention to pro-
vide a photo-detecting apparatus having a structure

which can accurately detect light by restraining noises
from occurring.
[0006] For achieving the above-mentioned object, the
present invention comprises a first substrate having a
surface provided with a plurality of photodetector devic-
es, a second substrate having a surface provided with a
signal processing part for processing output signals of
the photodetector devices, and a third substrate for elec-
trically connecting the first and second substrates to each
other. In particular, the third substrate is arranged be-
tween the first and second substrates, and includes a
first surface opposing the first substrate and a second
surface opposing the second substrate. A common wire,
electrically connected to the photodetector devices, is
disposed on the first surface, whereas a terminal part,
electrically connected to the common wire on the first
surface and the signal processing part, is disposed on
the second surface.
[0007] Since the third substrate, including a common
wire for connecting the photodetector devices to the sig-
nal processing part, is disposed between the first and
second substrates, the photo-detecting apparatus ac-
cording to the present invention can effectively reduce
the length of wiring on the first or second substrate. Pref-
erably, in this case, the photodetector devices are elec-
trically connected to the common wire by way of a first
bump disposed between the first and third substrates,
whereas the signal processing part is electrically con-
nected to the terminal part by way of a second bump
disposed between the second and third substrates.
[0008] Since the wiring structure mentioned above
connects the first, second, and third substrates by way
of bumps, electric charge migration paths from the re-
spective photodetector devices to the signal processing
part are shortened, whereby the parasitic capacitance in
the wiring on the paths decreases.
[0009] In the photo-detecting apparatus according to
the present invention, the third substrate preferably has
a structure such that an inner wire for connecting the
common wire to the terminal part is buried within a ce-
ramic substrate.
[0010] This is because, when the third substrate has
a structure in which the inner wire is disposed within a
ceramic substrate which is excellent in insulation, a plu-
rality of inner wires if any can electrically be separated
from each other.
[0011] In the photo-detecting apparatus according to
the present invention, it is preferable that the common
wire on the first surface of the third substrate includes a
plurality of wiring elements arranged at a predetermined
interval, whereas the terminal part on the second surface
of the third substrate includes a plurality of terminals ar-
ranged at an interval narrower than the interval at which
the plurality of wiring elements are arranged. Thus nar-
rowing the interval at which the terminals included in the
terminal part are arranged can reduce the size of the
second substrate itself, thereby making it possible to po-
sition the second substrate on the inner side of the outer
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periphery of the third substrate.
[0012] In the photo-detecting apparatus according to
the present invention, the first substrate may further com-
prise a plurality of switches electrically connected to the
respective photodetector devices, and a control part for
successively opening/closing the switches. When the
control part thus regulates the opening/closing of the
switches, generated electric charges can successively
be outputted from a plurality of photodetector devices.
[0013] The present invention will be more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings, which are given by way
of illustration only and are not to be considered as limiting
the present invention.
[0014] Further scope of applicability of the present in-
vention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes
and modifications within the spirit and scope of the in-
vention will be apparent to those skilled in the art from
this detailed description.

Brief Description of the Drawings

[0015] Fig. 1 is a perspective view showing the config-
uration of an embodiment of the photo-detecting appa-
ratus according to the present invention;
[0016] Fig. 2 is a logical block diagram of the photo-de-
tecting apparatus shown in Fig. 1;
[0017] Fig. 3 is a circuit diagram showing the configu-
ration of an integrating circuit in the photo-detecting ap-
paratus shown in Fig. 1;
[0018] Fig. 4 is a logical block diagram showing the
configuration of a unit Um and a control circuit which are
included in the photo-detecting apparatus shown in Fig.
1;
[0019] Fig. 5 is a plan view showing the configuration
of a first substrate in the photo-detecting apparatus
shown in Fig. 1;
[0020] Fig. 6 is a plan view showing the configuration
of the upper face (first surface opposing the first sub-
strate) of a third substrate in the photo-detecting appa-
ratus shown in Fig. 1;
[0021] Fig. 7 is a plan view showing the configuration
of the rear face (second surface opposing the second
substrate) of the third substrate in the photo-detecting
apparatus shown in Fig. 1 as seen from the upper face
side;
[0022] Fig. 8 is a view showing a first cross-sectional
structure between the first and third substrates in the pho-
to-detecting apparatus shown in Fig. 1 (first example);
[0023] Fig. 9 is a view showing a second cross-sec-
tional structure between the first and third substrates in
the photo-detecting apparatus shown in Fig. 1 (second
example);
[0024] Fig. 10 is a view showing the structure of the

second and third substrates in the photo-detecting ap-
paratus shown in Fig. 1 at a cross section taken along
the line X-X;
[0025] Fig. 11 is a view showing a third cross-sectional
structure of the first and third substrates in the photo-de-
tecting apparatus shown in Fig. 1 (third example); and
[0026] Fig. 12 is a circuit diagram showing a device
generating a capacity in the photo-detecting apparatus
shown in Fig. 1.

Best Modes for Carrying Out the Invention

[0027] In the following, embodiments of the photo-de-
tecting apparatus according to the present invention will
be explained in detail with reference to Figs. 1 to 12. In
the explanation of the drawings, constituents identical to
each other will be referred to with numerals identical to
each other without repeating their overlapping descrip-
tions.
[0028] To begin with, an embodiment of the photo-de-
tecting apparatus according to the present invention will
be explained with reference to Figs. 2 to 4. Fig. 2 is a
view showing the configuration of an embodiment of the
photo-detecting apparatus according to the present in-
vention. The photo-detecting apparatus 1 shown in Fig.
2 comprises M photo-detecting units (hereinafter referred
to as units) U1 to UM. Each unit Um includes N photodi-
odes PDm,1 to PDm,N, N switches SWm,1 to SWm,N, and
a signal processing circuit 60m. Here, M is an integer of
at least 1, whereas N is an integer of at least 2. On the
other hand, m is an integer of at least 1 but not greater
than M. Further, in the following, n is an integer of at least
1 but not greater than N.
[0029] The photodiodes PDm,n provided in each unit
Um are photodetector devices which generate electric
charges corresponding to their incident light intensities.
The switches SWm,n are provided by M x N so as to cor-
respond to the respective photodiodes PDm,n, and each
have first and second ends which can electrically be sep-
arated from/connected to each other as the switches are
opened/closed. The first terminal is connected to its cor-
responding photodiode PDm,n, whereas the second ter-
minal is connected to an integrating circuit 10m of the
signal processing circuit 60m by way of a common wire
50m.
[0030] M common wires 50m are provided so as to cor-
respond to the respective units Um. Each common wire
50m has one end connected to the respective second
ends of the N switches SWm,1 to SWm,N, and the other
end connected to the integrating circuit 10m of the signal
processing circuit 60m. The common wire 50m commonly
connects the photodiodes PDm to one integrating circuit
10m.
[0031] M signal processing circuits 60m are provided
so as to correspond to the respective units Um. Each
signal processing circuit 60m, which is a circuit for
processing output signals of the photodiodes PDm,n pro-
vided in its corresponding unit Um, comprises an inte-
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grating circuit 10m, a CDS (Correlated Double Sampling)
circuit 20m, and a sample and hold circuit (hereinafter
referred to as hold circuit) 30m.
[0032] The integrating circuit 10m is connected to its
corresponding common wire 50m and CDS circuit 20m.
As shown in Fig. 3, each integrating circuit 10m comprises
an amplifier A, a capacitor C, and a switch SWT which
are connected in parallel. When the switch SWT is
closed, the capacitor C discharges its accumulated elec-
tric charges, thereby initializing its output voltage. When
the switch SWT is open, on the other hand, the capacitor
C accumulates electric charges fed from the common
wire 50m, whereby a voltage corresponding to the electric
charges accumulated in the capacitor C is outputted.
[0033] The CDS circuit 20m is connected between the
integrating circuit 10m and the hold circuit 30m. The CDS
circuit 20m inputs the output voltage 10 from the integrat-
ing circuit 10m, and outputs a voltage indicative of the
change in thus inputted voltage in a fixed time to the hold
circuit 30m. The hold circuit 30m inputs the output voltage
from the CDS circuit 20m and holds this voltage for a
predetermined period.
[0034] A control circuit 40 is control means for regulat-
ing operations of the photo-detecting apparatus 1 as a
whole. As shown in Fig. 4, one control circuit 40 is pro-
vided for the photo-detecting apparatus 1. For all the units
U1 to UM, the control circuit 40 regulates M x N switches
SW1,1 to SWM,N, which are provided in their correspond-
ing units Um, so as to make them open/close successive-
ly. This opening/closing control operation sequentially
connects the N photodiodes PDm,1 to PDm,N to the inte-
grating circuit 10m one by one in the order of PDm,1,
PDm,2, ..., and PDm,N, whereby the photodiodes PDm,n
successively output their generated electric charges. The
control circuit 40 also regulates the opening/closing of
the respective switches SWT included in the integrating
circuits 10m, thereby controlling timings for initializing and
integrating operations in the integrating circuits 10m. The
control circuit 40 further regulates timings at which the
CDS circuits 20m and hold circuits 30m operate.
[0035] Thus configured photo-detecting apparatus 1
is constituted by a substrate 100 (first substrate), a sub-
strate 200 (third substrate), and a substrate 300 (second
substrate) (see Figs. 1 and 4). The substrate 100 is dis-
posed on the upper side of the substrate 200, whereas
the substrate 300 is disposed on the rear side, thus re-
alizing a three-dimensional mounting structure in which
the substrates 100, 200, and 300 are successively ar-
ranged in the light incident direction L.
[0036] While the substrates 100 and 200 have the
same size in directions perpendicular to the thickness
direction, i.e., their outer peripheries have the same size,
the outer periphery of the substrate 300 has a size smaller
than that of the outer periphery of the substrate 200 and
is positioned on the inside of the outer periphery of the
substrate 200 (the outer periphery of the substrate 300
may coincide with that of the substrate 200).
[0037] The substrate 100 (first substrate) is a first sub-

strate including a silicon substrate, on which M x N pho-
todiodes PD1,1 to PDM,N and M x N switches SW1,1 to
SWM,N constituting all the units U1 to UM are provided.
As shown in Fig. 5, on the side of a surface 100a on which
the light L is incident (light-incident surface), the substrate
100 includes a PD array in which pixels each composed
of a photodiode PDm,n and its corresponding switch
SWm,n are arranged two-dimensionally in a matrix of M
x N (M rows x N columns). On the first surface 100a side,
the substrate 100 also includes M x N metal wires 611,1
to 61M,N connected to the respective photodiodes PDm,n,
and N metal wires 621 to 62N each commonly connected
to M switches SW1,n to SWM,n in the first to Nth columns.
[0038] As shown in Fig. 1, M x N bonding pads 64
disposed so as to correspond to the respective photodi-
odes PDm,n, and N bonding pads 66 provided so as to
correspond to the respective metal wires 62n are ar-
ranged on the side (second surface 100b side) opposite
from the first surface 100a in the substrate 100. The sub-
strate 100 further includes through wires 67 in M x N
through holes penetrating therethrough from the first sur-
face 100a to the second surface 100b so as to correspond
to the respective photodiodes PDm,n. Each through wire
67 has one end connected to its corresponding metal
wire 61m,n and the other end connected to its correspond-
ing bonding pad 64. Also, one end of the through wire 67
is connected to its corresponding metal wire 62n, where-
as the other end is connected to its corresponding bond-
ing pad 66. For convenience of illustration, the bonding
pads 64, 66 and through wires 67 (bumps 63, 65 which
will be explained later) are represented by those corre-
sponding to the photodiode PDM,1 or metal wire 621 while
omitting the rest.
[0039] The substrate 200 (third substrate) is a third
substrate made of ceramic, for example, and has a wiring
structure for electrically connecting the photodiodes
PDm,n to their corresponding signal processing circuits
60m. As shown in Fig. 6, M common wires 501 to 50M
provided so as to correspond to the respective units Um
and N bonding pads 711 to 71N for inputting SW opening/
closing signals to M x N switches SW1,1 to SWM,N in the
substrate 100 are disposed on the first surface 200a (up-
per face) side of the substrate 200 opposing the substrate
100. Each common wire 50m comprises N bonding pads
51m,1 to 51m,N to be electrically connected to the N pho-
todiodes PDm,1 to PDm,N provided in its corresponding
unit Um. As shown in Fig. 7, M bonding pads 721 to 72M
as terminal parts provided so as to correspond to the
respective units Um and N bonding pads 731 to 73N con-
nected to their corresponding bonding pads 71n are ar-
ranged on the second surface 200b (rear face) side of
the substrate 200 opposing the substrate 300. Fig. 7
shows the configuration of the rear face of the third sub-
strate as seen from the upper face (first surface 200a)
side.
[0040] The substrate 300 (second substrate) is a sili-
con substrate, which is provided with M signal processing
circuits 601 to 60M disposed so as to correspond to the
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respective units Um and one control circuit 40 (not de-
picted in Fig. 1). M bonding pads 811 to 81M provided so
as to correspond to the respective bonding pads 72m of
the substrate 200 and N bonding pads 821 to 82N pro-
vided so as to correspond to the respective bonding pads
73n of the substrate 200 are arranged on the first surface
300a side to be connected to the substrate 200. Con-
nected to the bonding pads 81m are their corresponding
integrating circuits 10m of the signal processing circuits
60m. The control circuit 40 is connected to the N bonding
pads 82n.
[0041] Electric connection structures of the substrates
100, 200, and 300 will now be explained in detail with
reference to sectional views shown in Figs. 8 and 10 to-
gether with Fig. 1.
[0042] Fig. 8 is a view showing a first cross-sectional
structure of the substrates 100 and 200, which are the
first and third substrates, respectively, as a first example
of the photo-detecting apparatus according to the present
invention. Since a basic pattern is laterally repeated in
the photo-detecting apparatus 1 according to the first ex-
ample, only this one basic pattern will be explained in the
following.
[0043] In the substrate 100, p+ regions 111, each con-
stituting a photodiode PD by forming a pn junction with
an n-type semiconductor substrate 100N, and n+ regions
112 as an isolation region are formed on the first surface
100a (upper face in the drawing) side of the n-type sem-
iconductor substrate. A metal wire 61 is electrically con-
nected to its corresponding p+ region 111. The metal wire
61 is formed on an insulating film 114 and is connected
to the p+ region 111 at a contact hole of the insulating
film 114. A through wire 67 is also connected to the metal
wire 61. The through wire 67 penetrates through the
n-type semiconductor substrate 100N. The side wall of
the through hole 67 through which the through wire 67
penetrates is formed with an insulating film 68 for elec-
trically insulating the n-type semiconductor substrate
100N and the through wire 67 from each other. The in-
sulating film 68 may be either a single layer film or mul-
tilayer film. On the second surface 100b side, a bonding
pad 64 is connected to the through wire 67. On the rear
side of the n-type semiconductor substrate 100 N, an
n+-type impurity layer 121 and an insulating protective
layer 122 for protecting the surface are successively
formed, whereas a bonding pad 69 is electrically con-
nected to the n+-type impurity layer 121 through a contact
hole formed in the protective layer 122, thus forming an
ohmic connection. Though omitted in this sectional view,
switches SW are connected to the respective photodi-
odes.
[0044] As shown in Fig. 10 illustrating a cross section
taken along the line X-X of Fig. 1, the substrate 200 in-
cludes M ribbon-like metal wires 911 to 91M buried within
a ceramic substrate 201. Each metal wire 91m is con-
nected to its corresponding common wire 50m and bond-
ing pad 72m. The metal wires 91m are formed such that
those adjacent to each other are arranged at a narrower

interval on the second surface 200b side than on the first
surface 200a side, so as to come closer to each other.
This configuration arranges the bonding pads 72m at an
interval narrower than that of the common wires 50m,
whereby the M bonding pads 72m gather at the center
part on the second surface 200b side. As a result, the
outer peripheral size of the substrate 300 itself can easily
be made smaller than that of the substrate 200. The ce-
ramic substrate 201 further includes N ribbon-like metal
wires 92 buried therein. Each metal wire 92 is connected
to its corresponding bonding pads 71n and 73n.
[0045] The gap between the substrates 100 and 200
is filled with a resin 150. As shown in Fig. 8, the bonding
pads 51 and 64 are connected to each other by way of
bumps 63 (first bumps). (The connection between the
substrates 100 and 200 by the bumps 63 will hereinafter
be referred to as first bump connection.) The first bump
connection connects the photodiodes PDm,n in the sub-
strate 100 to their corresponding common wires 50m in
the substrate 200. The bonding pads 66 and 71 are con-
nected to each other by way of bumps 65.
[0046] The gap between the substrates 200 and 300
is also filled with the resin 150. As shown in Fig. 10, the
bonding pads 72 and 81 are connected to each other by
way of bumps 93 (second bumps). (The connection be-
tween the substrates 200 and 300 by the bumps 93 will
hereinafter be referred to as second bump connection.)
The second bump connection connects the signal
processing circuits 60m in the substrate 300 to their cor-
responding bonding pads 72m in the substrate 200. The
bonding pads 73 and 82 are connected to each other by
way of bumps 94. Thus, the photo-detecting apparatus
1 has a three-dimensional mounting structure (which will
hereinafter be referred to as three-dimensional bump
connection structure) formed by the three substrates 100,
200, 300 connected by the first and second bump con-
nections.
[0047] As shown in Fig. 8, a scintillator 510 and a
shielding material 520 are arranged on the first surface
100a side of the substrate 100. The scintillator 510, which
is disposed above the p+ regions 111 of the substrate
100, generates scintillation light in response to energy
rays such as X-rays incident thereon. The shielding ma-
terial 520, which is disposed above the n+ regions 112
of the substrate 100, prevents energy rays such as X-rays
from passing therethrough and secures the scintillator
510.
[0048] The photo-detecting apparatus 1 having the
foregoing structure operates as follows.
[0049] When an energy ray such as X-ray is incident
on the scintillator 510, scintillation light corresponding to
the energy ray is generated. The scintillation light is in-
cident on the p+ regions 111 of the substrate 100, where-
by, in the photodiodes PD, electric charges correspond-
ing to the incident scintillation light is generated.
[0050] In parallel with the producing of electric charges
by the photodiodes PD, the control circuit 40 (see Fig. 4)
of the substrate 300 outputs SW opening/closing signals
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from the bonding pads 82 to the bonding pads 73 by way
of the bumps 94 in the photo-detecting apparatus 1. The
SW opening/closing signals are fed to the bonding pads
71 by way of the metal wires 92 within the substrate 200,
and further to the metal wires 62 by way of the bumps
65, bonding pads 66, and through wires 67. By regulating
the output of SW opening/closing signals, the control cir-
cuit 40 opens/closes the switches SWm,n of the substrate
100. Namely, the control circuit 40 outputs the SW open-
ing/closing signals for the bonding pads 821 to 82N, there-
by simultaneously opening/closing M switches SW1,1 to
SWM,1 each in respective columns connected to the met-
al wires 621, 622, ..., 62N and repeating the operation of
opening/closing the M switches SW1,n, to SWM,N N times
at fixed intervals.
[0051] This series of opening/closing operations for
the switches SW causes the M photodiodes PD in each
column to output electric charges corresponding to the
incident scintillation light N times (the N times consisting
of the output from the photodiodes PD1,1 to PDM,1, the
output from the photodiodes PD1,2 to PDM,2, ..., and the
output from the photodiodes PD1,N to PDM,N). (In the fol-
lowing, each set of electric charges outputted from the
M photodiodes PD in each column will be referred to as
an electric charge group.)
[0052] By way of the metal wires 61, through wires 67,
bonding pads 64, and bumps 63, the electric charge
groups are fed to their corresponding bonding pads 511,1
to 51M,N connected to the M common wires 501 to 50M
of the substrate 200. The electric charge groups are also
fed to their corresponding metal wires 911 to 91M within
the substrate 200 by way of the common wires 501 to
50M, further to the bonding pads 811 to 81M by way of
the bonding pads 721 to 72M and bumps 93, and from
there to the M integrating circuits 10m. When the switches
SWT of the integrating circuits 10m are open, electric
charges of the electric charge groups are accumulated
in their corresponding capacitors C. Such operations are
successively repeated N times. Then, each integrating
circuit 10m accumulates electric charges outputted from
the N photodiodes PDm,1 to PDm,N provided in its corre-
sponding unit Um. This allows the respective output ter-
minals of the integrating circuits 101 to 10M to output volt-
ages corresponding (proportional) to the electric charges
accumulated in their capacitors C. Further, the CDS cir-
cuits 20m on the substrate 300 output voltages indicative
of changes in output voltages in the integrating circuits
10m in a fixed time, whereas the hold circuits 30m on the
substrate 300 hold the voltages outputted from the CDS
circuits 20m for a predetermined period.
[0053] Since the substrate 200 including the common
wires 50m for connecting the photodiodes PDm,n to their
corresponding signal processing circuits 60m and the
metal wires 91m is interposed between the substrates
100 and 300 as in the foregoing, the photo-detecting ap-
paratus 1 can shorten the length of wiring laid out on the
substrates 100, 200. The substrates 100 and 200 are
electrically connected to each other by the first bump

connection, whereas the substrates 200 and 300 are
electrically connected to each other by the second bump
connection. Therefore, the photo-detecting apparatus 1
shortens electric charge migration paths from the photo-
diodes PDm,n in the substrate 100 to the integrating cir-
cuits 10m in the substrate 300, and thus can lower the
parasitic capacitance in the wiring on the paths and re-
duce the noise included in the output voltages from the
respective integrating circuits 10m. As a consequence,
the photo-detecting apparatus 1 can accurately detect
light.
[0054] Meanwhile, as shown in Fig. 12, the noise Ns
included in an output signal from the photo-detecting ap-
paratus is inversely proportional to the capacitance Cf of
the capacitor C in the integrating circuit, and is propor-
tional to a capacity Ct which is the sum of the combined
capacitance Cd and parasitic capacitance Cv of a plural-
ity of photodiodes. Namely, Ns ∝ Ct/Cf, Ct=(Cd+Cν).
Therefore, an increase in parasitic capacitance leads to
an increase in noise Ns.
[0055] By contrast, since the substrates 100 and 300
are arranged such that the substrate 200 made of ce-
ramic or the like is interposed therebetween, the pho-
to-detecting apparatus 1 shortens the length of wiring
laid out on the substrate 300 (silicon substrate), and thus
can lower the parasitic capacitance Cv. Therefore, the
noise included in the voltages outputted from the inte-
grating circuits 10m is low, whereby light can be detected
accurately.
[0056] The substrate 200 is made of a ceramic sub-
strate which is excellent in insulation. Therefore, the met-
al wires 91 within the ceramic substrate in the substrate
200 are electrically separated from each other. Conse-
quently, by using a single substrate 200, the photo-de-
tecting apparatus 1 can individually connect the photo-
diodes PDm,1 to PDm,N included in a plurality of units U1
to Um to their corresponding signal processing circuits
60m.
[0057] In the photo-detecting apparatus 1, the sub-
strate 300 is made smaller than each of the substrates
100 and 200, whereas the substrate 100 is formed with
PD arrays, though not the substrate 100 but the substrate
300 is provided with the signal processing circuits 60m
for processing the signals outputted from the PD arrays.
Therefore, a plurality of substrates 100 can be arranged
with a narrowed gap therebetween such that the sub-
strates 100 are positioned very close to each other or in
contact with each other. Consequently, the photo-detect-
ing apparatus 1 can increase the number of pixels and
achieve a higher density.
[0058] The photo-detecting apparatus 1 is also pre-
ferred in that the substrate 100 formed with the PD arrays
and the substrate 300 formed with the signal processing
circuit 60m can be made by their respective optimal man-
ufacturing processes.
[0059] This example of the photo-detecting apparatus
according to the present invention is also advantageous
over the conventional photo-detecting apparatus dis-

9 10 



EP 1 628 348 A1

7

5

10

15

20

25

30

35

40

45

50

55

closed in the above-mentioned Document 1 in the follow-
ing points. Namely, the conventional photo-detecting ap-
paratus connects the first and second substrates by wire
bonding, and thus cannot arrange a scintillator above a
pad for wire bonding when arranging the scintillator on
the first substrate. If a scintillator is arranged, its form
must be made different from others. Therefore, when a
plurality of first substrates are arranged in the conven-
tional photo-detecting apparatus, photodiodes within the
respective substrates fail to attain a uniform photo-de-
tecting sensitivity. Also, when a plurality of first substrates
are arranged in the conventional photo-detecting appa-
ratus, second substrates are placed beside the first sub-
strates (i.e., a second substrate is placed between the
first substrates neighboring each other), so that the pho-
todiodes in the respective first substrates cannot be ar-
ranged at a uniform pitch.
[0060] By contrast, since the substrates 200 and 300
are connected to each other by the second bump con-
nection, the photo-detecting apparatus according to the
present invention can make all the scintillators have the
same form. Also, the substrate 300 can be made smaller
than the substrate 200, so that the substrates can be laid
out substantially with no gaps, whereby photodiodes in
a plurality of substrates 100 can be arranged with a uni-
form pitch.
[0061] Fig. 9 is a view showing a second cross-sec-
tional structure of substrates 102 and 200 which are first
and third substrates, respectively, as a second example
of the photo-detecting apparatus according to the present
invention. Since the photo-detecting apparatus 2 accord-
ing to the second example and the photo-detecting ap-
paratus 1 according to the above-mentioned first exam-
ple differ from each other in the structure of the first sub-
strate but are the same in terms of the structure of the
substrates 200 and 300 (third and second substrates),
the substrate 102 will mainly be explained in the following
while omitting or simplifying the explanation of the sub-
strates 200 and 300. Since a basic pattern is also laterally
repeated in Fig. 9, only one basic pattern will be explained
in the following.
[0062] In the substrate 102 acting as the first substrate,
an n+-type accumulation layer 151 for preventing electric
charges from being recombined and an insulating pro-
tective layer 152 for protecting the surface are formed on
the first surface 102a side of an n-type semiconductor
substrate. On the second surface 102b side, the sub-
strate 102 is formed with p+ regions 161 each constituting
a photodiode PD by forming a pn junction with the n-type
semiconductor substrate 102N, n+ regions 162 acting as
an isolation region, and a protective layer 163 for covering
them. On the second surface 102b side, bonding pads
164 electrically connected to the respective p+ regions
161 are formed, whereas bumps 165 are connected to
the respective bonding pads 164. The bumps 165 are
connected to the respective bonding pads 51 in the sub-
strate 200. The gap between the substrates 102 and 200
is filled with a resin 150. Bonding pads 166 are formed

in the respective n+ regions 162.
[0063] A scintillator 510 and a shielding material 520
are arranged on the first surface 102a side of the sub-
strate 102. In the scintillator 510 disposed above the p+

regions 161 of the substrate 102, scintillation light is gen-
erated in response to energy rays such as X-rays incident
thereon. The shielding material 520, which is disposed
above the n+ regions 162 of the substrate 102, prevents
energy rays such as X-rays from passing therethrough
and secures the scintillator 510. The substrate 102 is
etched on the first surface side at a part formed with the
p+ regions 161, so as to become thinner there.
[0064] When an energy ray such as X-ray is incident
on the scintillator 510 in the photo-detecting apparatus
2 (Fig. 9) according to the second example, scintillation
light is generated. When the scintillation light is transmit-
ted through the substrate 102 from the first surface side
so as to be made incident on the p+ regions 161, electric
charges are generated by photodiodes on the second
surface 102b side opposite from the first surface 102a.
The electric charges are fed to the substrate 200 by way
of the bonding pads 164 and bumps 165. Since then, the
photo-detecting apparatus 2 accumulates electric charg-
es into capacitors C in integrating circuits 10 as with the
photo-detecting apparatus 1 according to the first exam-
ple mentioned above. Then, output terminals of the inte-
grating circuits 10 output voltages corresponding to the
electric charges accumulated in the capacitors C.
[0065] Since the substrates 102, 200, 300 in the pho-
to-detecting apparatus 2 according to the second exam-
ple are connected together by the first and second bump
connections as in the photo-detecting apparatus 1 ac-
cording to the first example, the electric charge migration
paths from the photodiodes PDm,n in the substrate 100
to the integrating circuits 10m in the substrate 300 are
shortened. This can lower the parasitic capacitance in
the wiring on the paths, thereby reducing the noise in-
cluded in the output voltages from the respective inte-
grating circuits 10m. Consequently, the photo-detecting
apparatus 2 can also detect light accurately. The pho-
to-detecting apparatus 2 exhibits the other operations
and effects as with the photo-detecting apparatus 1 ac-
cording to the first example.
[0066] Fig. 11 is a view showing a third cross-sectional
structure of substrates 103 and 200 which are first and
third substrates, respectively, as a third example of the
photo-detecting apparatus according to the present in-
vention. The substrate 103 shown in Fig. 11 differs from
the substrate 100 in the first example in that each of the
interval at which the bumps 64 are arranged on the sec-
ond surface 103b side and the interval at which the bond-
ing pads 51 are arranged in the substrate 200 is shorter
than the interval at which the photodiodes PD are ar-
ranged on the first surface 103a side of an n-type semi-
conductor substrate 103N. The bonding pads 64 are
formed longer from the position connecting with the
through wires 67 to the position connecting with the
bumps 63 as necessary. The side wall of each through
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hole through which the through wire 67 penetrates is
formed with an insulating film 68 for electrically insulating
the substrate 103 and through wire 67 from each other.
The insulating film 68 may be either a single layer film or
multilayer film. The bonding pads 69 are arranged as with
the bonding pads 51. The bumps 63, the boding pads 64
and the bonding pads 51 constituting the first bump con-
nection may be arranged at an interval shorter than the
interval at which the photodiodes PD are arranged in the
substrate 100 acting as the first substrate in the photo-de-
tecting apparatus 1 according to the first example shown
in Fig. 8 as well.
[0067] Without being restricted to the examples men-
tioned above, the present invention can be modified in
various manners. For example, the respective cross-sec-
tional structures of the first substrate (substrates 100,
102, 103) and third substrate (substrate 200) are not lim-
ited to those shown in Figs. 8, 9, and 11. The second
substrate (substrate 300) may further be provided with
other circuits such as an A/D converter circuit for A/D
conversion of output voltages from the hold circuits 30m,
for example.
[0068] Though a ceramic substrate is explained as the
third substrate (substrate 200) in the above-mentioned
examples, the third substrate is not limited to ceramic
substrates as long as it is formed from an insulating ma-
terial. For example, it may be a substrate made of glass,
organic materials such as polyimide, and their composite
materials.
[0069] Though bumps are used for connecting the first
substrate (substrates 100, 102, 103) and third substrate
(substrate 200) to each other or the third substrate (sub-
strate 200) and second substrate (substrate 300) to each
other in the above-mentioned examples, solder or a com-
bination of a bump with an anisotropic conductive film
ACF, anisotropic conductive resin ACP, or nonconduc-
tive resin NCP may be employed.
[0070] From the invention thus described, it will be ob-
vious that the embodiments of the invention may be var-
ied in many ways. Such variations are not to be regarded
as a departure from the spirit and scope of the invention,
and all such modifications as would be obvious to one
skilled in the art are intended for inclusion within the
scope of the following claims.

Industrial Applicability

[0071] Since the wiring third substrate made of an in-
sulating material is interposed between the first substrate
arranged with a photodiode and the second substrate
arranged with a signal processing circuit, the present in-
vention can shorten the wiring length on the first or sec-
ond substrate, and thus is employed in a photo-detecting
apparatus whose parasitic capacitance is low in the wir-
ing on electric charge migration paths.

Claims

1. A photo-detecting apparatus comprising:

a first substrate having a surface provided with
a plurality of photodetector devices;
a second substrate having a surface provided
with a signal processing part for processing out-
put signals of said photodetector devices; and
a third substrate, provided between said first and
second substrates, having a first surface oppos-
ing said first substrate and a second surface op-
posing said second substrate; said third sub-
strate including: a common wire, arranged on
said first surface, electrically connected to said
photodetector devices; and a terminal part, ar-
ranged on said second surface, electrically con-
nected to said common wire on the first surface
and said signal processing part.

2. A photo-detecting apparatus according to claim 1,
further comprising a first bump, provided between
said first and third substrates, for electrically con-
necting each of said photodetector devices to said
common wire, and a second bump, provided be-
tween said second and third substrates, for electri-
cally connecting said signal processing part to said
terminal part.

3. A photo-detecting apparatus according to claim 1 or
2, wherein said third substrate has a structure such
that an inner wire connecting said common wire to
said terminal part is buried within a ceramic sub-
strate.

4. A photo-detecting apparatus according to any one
of claims 1 to 3, wherein said common wire on said
first surface of said third substrate includes a plurality
of wiring elements arranged at a predetermined in-
terval, and
wherein said terminal part on said second surface
of said third substrate includes a plurality of terminals
arranged at an interval narrower than the interval at
which said plurality of wiring elements are arranged.

5. A photo-detecting apparatus according to any one
of claims 1 to 4, wherein said first substrate compris-
es a plurality of switches each electrically connected
to the associated photodetector device; and
wherein said photo-detecting apparatus comprises
a control part for successively opening/closing said
plurality of switches.
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